We reported the results of the endovascular treatment using Guglielmi detachable coil (GDC) for wide-necked aneurysms. Fourteen aneurysms were treated with remodeling technique. One aneurysm was performed endovascular treatment followed by partial neck clipping. The other was treated with scaffolding technique. All aneurysms could not be performed by conventional GDC treatment initially because of coil protrusion into the parent artery due to wide neck of these aneurysms.
Introduction
For the treatment of cerebral aneurysm the surgical clipping has been still gold standard. The surgical clipping, however, is not always the acceptable treatment for all cerebral aneurysms. In 1990 aneurysmal embolization using Guglielmi detachable coils (GDC) emerged as alternative therapy 1.
The several investigators reported the effectiveness to prevent subsequent bleeding and low morbidity and mortality 2-4 . Especially in aneurysm with small neck GDC treatment could be achieved complete obliteration. But a wide neck has prevented achieving complete occlusion and an incomplete occlusion has brought some sequela such as recanalization, regrowth or rerupture of aneurysms 5,6 . In order to solve this problem, some new methods have been developed. In this study, we evaluated effectiveness and safety of coil em- 
Clinical Material and Methods
Sixteen patients (12 female, 4 male; mean age, 55 years; range, 10 to 70 years) with 16 aneurysms underwent intraaneurysmal embolization using GDC. All aneurysms were wide necked aneurysms. Aneurysm with > 4 mm of neck or < 2 of sac/neck ratio was defined as wide-necked aneurysm. The size of aneurysm was small « 12mm) in 11 aneurysms and large (> 12 mm) in 5 aneurysms. The size of neck was ranged from 2.7 to 12 mm. All aneurysms but one were unruptured aneurysms. The other one was a ruptured aneurysm that had recanalization due to coil compaction 9 months after first coil embolization using conventional technique. Ten aneurysms sited at anterior circulation, and 6 aneurysms in posterior circulation (table 1). Among 16 aneurysms, 14 aneurysms were treated with remodeling technique (figure 1). A large middle cerebral artery aneurysm was performed coil embolization after intentionally partial neck clipping (figures 2,3). The other aneurysm that sited at right vertebral artery was treated with scaffolding technique (figure 4). After aneurysmal neck was covered with gfx coronary stent entirely, GDCs were deposited into aneurysmal lumen via stent's strut without coil protrusion (figure 5). Angiography or magnetic resonance imaging was performed as the evaluation of embolized aneurysms at least on 6 months after embolization.
Results
All patients were treated successfully. On angiogram immediately after procedure, the obliteration rate could be obtained complete occlusion in 3 cases, > 95% occlusion in 7 cases, > 90% occlusion in 3 cases and < 90% occlusion in 3 cases.
There was no serious procedure-related morbidity and mortality. Though in a patient with IC-ophthalmic aneurysm treated with remodeling technique, mild hemiweakness was emerged during the procedure, she recovered fully within 5 days after the procedure. In 14 patients, follow-up angiogram was obtained.
The mean angiographic follow-up period was 12 months (range,5 to 19 months). The obliteration rate was 100% in 5 cases, > 95% in 4 cases, > 90% in 3 cases, 70% in 2 cases. Two cases of 70% occlusion were large aneurysms. One with basilar trunk aneurysm was obtained 85% occlusion by mean of the first embolization using remodeling technique. For recanalization 14 months after first embolization, second em-bolization was carried out using remodeling technique. This patient gained> 95% occlusion 17 months after second embolization.
The other with large vertebral artery aneurysm was done using scaffolding technique. Follow-up angiogram 2 months after initial embolization was demonstrated the recanalization due to coil compaction and embedding of coils into thrombus.
Therefore second procedure was needed. On angiogram immediately after second embolization, > 95% occlusion was obtained with patency of parent artery (figure 6). In all patients, clinical follow-up was carried out. The mean follow-up period was 15 months (range,2 to 26 months). No incidence of subsequent aneurysmal bleeding and neurological deterioration was encountered during follow-up period.
Discussion

GDC treatment for wide-necked aneurysms
The neck clipping is still gold standard method for cerebral aneurysms. The endovascular treatments for poor surgical candidates using Guglielmie detachable coils were started in 1991 1 • Now this method has been used widely all over the world. Many investigators have reported good results from follow-up studies, especially in small aneurysms with a small A~ • Figure 3 GDC treatment followed neck clipping. A) Large complex aneurysm with wide neck was demonstrated. B) After neck clipping, aneurysm was still visualized. C) On angiogram immediately after embolization, >95% occlusion was achieved. D) Aneurysm was obliterated completely 6 months after embolization. neck 2-4 . In contrast, large aneurysms with a wide neck continue to represent a challenge for most interventionalist 5,6 .
In wide-necked aneurysms, the detachable coils tend to protrude into the parent artery and this protrusion is likely to oppose dense packing.
The resulting loose packing may lead to a recanalization due to coil compaction. Therefore in endovascular treatment, the most limiting factor, which prevents complete occlusion and long-term stability of the coils, is wide neck. In this paper, coil embolization using three different techniques for wide-necked aneurysms was described.
Remodeling technique
The first report of remodeling technique, where each coil is placed within the aneurysmal lumen while a microballoon is kept inflated across the neck, described by Moret et A17. Several investigators have reported on the effectiveness of this technique compared with that B D of conventional embolization techniques in treating wide-necked aneurysms 8-10. By use of the remodeling technique, the aneurysm can be packed densely at not only the body of the aneurysm but also the neck.
Therefore, this method can achieve safe "the endovascular trapping", which both inflow zone and outflow zone are occluded. This dense coil packing leads to promote the thrombosis within the aneurysm, to make the faultless aneurysm obliteration and to prevent the recanalization by compaction. Because this technique requires transient obstruction of blood flow of parent artery, assessment about a collateral circulation before procedure and significant anticoagulant therapy during and after procedure are needed. After micro balloon is deflated and stability of the coils within aneurysmal sac is confirmed, coils should be detached. This confirmation regarding to stability of coils should be carried out in every coil repeatedly.
The remodeling technique can prevent coil protrusion because the balloon, which deposits across the neck, makes the new aneurysmal wall. The coils have deposited against the pressure of balloon inflation. Therefore, soft and softer GDCs are appropriate with remodeling technique to gain coil's stability. Though the remodeling technique promises a safe intraaneurysmal embolization regardless widenecked aneurysm without protrusion of coils into the parent artery, this technique could not decrease in the rate of recanalization due to coil compaction.
Therefore, prudent follow-up study is needed. We considered the embolization using this technique for wide-necked aneurysms with> 4 mm of neck and/or> 1 of sac/neck ratio.
Combined neck-clipping and coiling therapy
Wide-necked aneurysms pose the greatest technical difficulty for surgical clipping without complications. In our case, angiogram could not reveal a neck of aneurysm obviously ( figure 3) . Therefore, we selected surgical treatment initially. Then, we made a plan of endovascular treatment followed surgical treatment if complete neck clipping could not be achieved. In this case, complete neck clipping was abandoned because vascular stenosis was yielded at an origin of anterior branch of middle cerebral could be performed safely with near complete occlusion. Previous reports already referred endovascular coil embolization after surgical clipping 11-13. Most of them reported endovascular treatment for incidentally residual aneurysms. In order to achieve effective occlusion of aneurysms using this technique, it is important that intentionally incomplete neck clipping is done in consideration of safe and easy endovascular procedure. We believed that this technique is suitable for wide-necked aneurysm with com-plex vascular anatomy, e.g. bifurcation of middle cerebral artery aneurysm or top of basilar artery aneurysm.
Scaffolding technique
Modality of endovascular treatment for large vertebral artery aneurysm is parent artery occlusion or intraaneurysmal embolization. In unilateral vertebral artery occlusion, rate of morbidity and mortality was reported about 7% 14. We explained the effectiveness and the risks of surgical treatment and endovascular treatment to patient and his family, and they chose the endovascular treatment using scaffolding technique. Advancement of intravascular stent technology permits the deposition into intracranial vessels 15. Recently some investigators reported successful embolization using scaffolding technique 16-18. We believed that indication of this technique is aneurysm with < 1 of sac/neck ratio. The past reports, however, long-term follow-up did not indicate. In large aneurysm with wide neck, recanalization due to coil compaction is encountered frequently. In this case, second embolization was needed for recanalization. Therefore, in the future it is necessary to evaluate this problem in this technique. 
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Conclusions
Though our experience is small series, endovascular treatment of cerebral aneurysms with wide-neck and bad shape using remodeling technique, combined operation and endovascular approach, scaffolding technique have proven safe and effective.
These techniques can contribute to extend the therapeutic spectrum of endovascular treatment with cerebral aneurysms, such as wide-necked and badly shaped aneurysms that could not achieve complete occlusion or fail the procedure using standard embolization procedure. These additional techniques must be chosen according to aneurysmal nature (site, size and shape) and patient's condition.
